The worldwide epidemic of Type 2 diabetes necessitates evidence-based self-management education programmes. The purpose of this study was to investigate the effects and costs of an empowerment-based structured diabetes self-management education programme in an unselected group of patients with Type 2 diabetes. Seven hundred and two patients undergoing treatment by general practitioners (GPs) were included. The education comprised three modules over a 12-month period. It was based on the empowerment philosophy. The education followed a written curriculum, and the educators were given special training in its use. Glycemic control (HbA1c) was found to improve from 7.34 % 1.34 to 6.88 % 1.09%, P < 0.001 and body weight decreased from 90.9 % 19.3 to 87.1 % 18.1 kg, P < 0.001, following the education programme. Moreover, significant improvements were found in terms of fasting blood glucose, blood pressure, female waist circumference, lipid profile, quality of life, physical activity and the patients' knowledge of diabetes whilst the number of visits to GPs declined. This study supports the use of an empowerment vision as a basis for an interdisciplinary groupbased education programme with individuals with Type 2 diabetes. Moreover, the costs of implementing this education programme were found to be minimal.
Introduction
In Denmark, as with most other Countries, no approved national standards for diabetes selfmanagement education (DSME) exist. In the United States, the American Diabetes Association has recognized guiding principles as well as 10 standards for DSME [1] . While in the UK standards for high-quality education programs for patients with diabetes have been laid out by a working group convened by the Department of Health and Diabetes [2] . Both of these national standards call for a pre-defined evidence-based education philosophy with specific learning objectives to support the development of self-management attitudes, knowledge and skills. The programme should follow a written structured curriculum and the educators should be trained. However, in the majority of the studies to date that address patient education in connection with diabetes, this is not the case.
It has been known for some years that at least in the short-term, group-based education programmes improve clinical outcome and diabetes knowledge in patients with Type 2 diabetes mellitus (T2DM) [3] [4] [5] . Yet despite this, patient education in Denmark has traditionally mainly been provided by specialized hospital clinics within the public health care system. This is now changing, however, with the exception of patients with T1DM or T2DM at high risk, toward the introduction of group-based education, primarily at the level of public health care centers in the local communities, as part of a reorganization of the care afforded people with chronic diseases, inspired by the Chronic Care Model [6] .
The aim of the present study was to investigate the effects of an empowerment-based structured DSME programme administered locally, on clinical parameters as well as the patients knowledge of diabetes, their quality of life (QOL), lifestyle and the costs of care in an unselected group of patients with T2DM.
Materials and methods

Patients
Frederiksborg County comprised 273 688 inhabitants as of January 2004, representing some 5.1% of the total Danish population. The majority of these inhabitants were Caucasians. According to data from the Danish National Diabetes Register, the prevalence of diabetes was 3.5% in 2004, a figure that continues to increase by 6% each year [7] . From this, it was estimated that more than 600 new patients with diabetes could be expected in the county every year.
In 2003, the local public health service contracted 250 general practitioners (GPs) in the area responsible for the care of about 80% of the known patients with T2DM. The rest of the patients were treated in three specialized outpatient clinics. An agreement was made that DSME should be organized and implemented as a community-based intervention. The DSME was delivered as a decentralized intervention in the municipalities of the county, but due to a lack of suitable facilities for the education, the intervention was centralized for the final period of the study.
In order to be eligible for referral to the DSME, the patients were expected to be able to transport themselves to and from the education intervention and to be able to both speak and read Danish.
Diabetes self-management education
The education intervention has been described in details in a previous publication [8] . In summary, the DSME was divided into three modules covering a period of 12 months. Module 1 consisted of 28 hours within a 4-day period. Module 2 (14 hours within a 2-day period) was carried out 3 months later and the Module 3 (7 hours within a 1-day period) was undertaken 12 months after the completion of Module 1. The education intervention was group based with up to 12 patients in a session. Relatives were welcome. The education intervention team consisted of nurses, dieticians, physiotherapists and GPs. An endocrinologist supported the team performing the role of consultant.
The education intervention was based on an empowerment strategy and philosophy, as suggested by Anderson and Funnel [9] . The team went through a specially designed training course to be able to carry out this strategy and philosophy. The training was theoretical as well as interactive. During the study period, the training was followed up by evaluations of the teachers, and in addition, by means of internal discussions, a supplementary course with a focus on empowerment in the intervention and finally, supervision of the team with the aid of a psychologist. The overall objective was to improve the patients' self-management capacity. The team was interdisciplinary and worked as an integrated unit representing each educational area. Instead of providing the patients with knowledge and skills alone, the team primarily urged the patients to identify barriers and set goals. This was done instead of trying to solve the patients' problems or point out solutions. In such cases, the patients' control of their own situation should be increased and motivation for making changes should be internal instead of being provided externally.
The curriculum focused on personal aspects of living with T2DM, relevant symptoms, risk factors and other measures of treatment, self-monitoring including blood glucose testing, medical treatment and the prevention of complications. The education also included such practical skills as the preparation of healthy food and reading food labels while visiting a local supermarket. The patients identified motives and barriers for physical activity and studied the effects of a 30 min walk on blood glucose levels. The order and the amount of the content of the Group-based self-management education and Type 2 diabetes curriculum differed between the DSME sessions since the team followed the patients' goals and wishes throughout the education period.
It should also be noted that the education intervention was free of charge, being fully financed by the public tax-based health service.
Primary outcome measures
The primary outcome measures in the study were a change in the patients'; glycemic control (HbA1c), fasting blood glucose, body weight, blood pressure, waist circumference, as well as both triglyceride and cholesterol levels, between each of the teaching modules. Such biochemical and clinical data, as well as details concerning the use of any medication, were provided by the GPs. HbA1c and cholesterol values were verified using the central database (Labka) for the county. Additional primary outcome measures focusing on QOL and lifestyle changes (food intake, smoking, physical activity and alcohol intake) were assessed using The Danish Health and Morbidity Survey 2000 Questionnaire, which includes a 7-day record [10] . Finally, patients' knowledge of T2DM was assessed using a questionnaire designed specifically for the study. The questionnaire contained 36 questions about T2DM in general, blood glucose levels, other diseases, stress, traveling, physical activity, alcohol, food, complications and foot care.
The local health authorities and GPs could not accept testing the effects of the programme in a randomized controlled trial (RCT), which is why waiting list patients served as control subjects. Patients participating in this education intervention were on a waiting list for a period of 0 to >12 months. Those who had sufficient data with regard to HbA1c, collected within a time frame of 3-12 months prior to the education intervention, served as their own controls in a non-randomized design.
GP visits and costs
As a secondary objective to decision-making, the costs and economic impact of the DSME programme were assessed using a cost analysis. In a subgroup of patients, data on the numbers of visits to a GP were collected from an electronic database (CSC Scandihealth). In order to be included in this analysis, the patients had to have been diagnosed at least 12 months prior to being referred to this DSME. This decision was taken based on an anticipated higher frequency of visits over the first 6 months post diagnosis. Data were collected over four periods of 6 months (one period before and one period after the intervention split into two sub periods). The official Danish charge for a patient's visit to the GP [costs of DKK 113 (V 15)] was used as a unit cost for this analysis [11] . The charge for 2008 was selected as this was the appropriate cost for the dates of collection for the final clinical data.
An estimation of the costs related to coronary heart disease and stroke associated with changes in both the clinical and biochemical data were calculated using the UKPDS Risk Engine (http://www.dtu.ox.ac.uk/ riskengine/download.php accessed 24 March 2011). For the amputation, retinopathy and kidney disease, the estimated costs were based on the data from the UKPDS study in which an absolute 1% reduction in HbA1c was followed by a 21% decrease in the relative risk of complications [12] . Estimates of the costs saved at a hospital level as a result of fewer complications were derived using unit costs based on charges from the official Danish Diagnose-Related Groups system [13] .
Statistical analysis
The SPSS 13.0 statistical package for Windows (Chicago, IL, USA) was used for statistical analyses. Descriptive data are presented as frequencies and percentages or means and standard deviations. A Paired Student's t-test was used to compare continuous data from the three modules of the intervention. An Unpaired Student's t-test was used to compare continuous data in-between groups. The paired Sign's test was used to assess any categorical data obtained from the three modules in the present education intervention. Percentages are shown as whole numbers and values below 0.5% are presented simply as 0%.
Predictors of a reduction in HbA1c during the study were analyzed using a stepwise logistic regression analysis. Potential confounding variables S. Molsted et al.
were duration of T2DM (<12 months, 13-24 months, 25-36 months and >36 months), baseline HbA1c (per cent), change in body weight from Module 1-3 (kilo gram), change in antidiabetic medication from Module 1-3 (reduced, unchanged and increased), age (<50 years, 50-59 years, 60-69 years and >70 years), change in dietary intake from Module 1-3, the year of the DSME (2003, 2004, 2005 and 2006) , change in knowledge of T2DM from Module 1-3 (change of number of correct answers), social support (married, having a partner, unmarried, living alone/divorced and widow) and educational level (<7-year basic schooling, 8-to 9-year basic schooling, 10-year basic schooling, higher education and studying). Variables were included in the logistic regression if the association with the dependent variable was P < 0.1 in a Spearman's test, which was two-tailed for categorical variables, or in a Pearson's test, which was twotailed for continuous variables. All other tests were two-tailed with a significance level of P < 0.05.
Results
Primary endpoints
Eight hundred and ninety-six patients with T2DM were consecutively referred to this DSME during the period [2003] [2004] [2005] [2006] . Due to insufficient time, 194 (22%) of the patients declined to participate. These patients differed significantly from the participants in that they were younger, tended to be male and to have a higher HbA1c (data not shown). This left 702 patients in the study. The dropout rates among participants entering the study were 106 (18%) between Modules 1 and 2 and 138 between Modules 2 and 3. The two most common reasons for dropout were a lack of interest (17%) and health problems (14%). The dropouts differed from the rest of the participants by being less satisfied with the DSME, although in terms of demographics, glycemic control or other clinical variables (data not shown), they did not differ from those who completed the DSME in any way.
The patients' gender, age, level of education, social support and disease duration are presented in Table I . There was no difference in age between the males and females, whereas the duration of T2DM in the males was significantly longer than that in the females (5.
During the DSME, glycemic control was found to be significantly improved in both genders (Table II) . The dosage of antidiabetic drugs was reduced in 4% of the patients, increased in 28% of the patients and remained unchanged for the rest. However, the improvement in glycemic control was not associated with these changes. No difference was seen in terms of the effect on HbA1c when a comparison of decentralized versus centralized interventions during the first and the last part of the study was made.
Body weight decreased significantly in both genders. Waist circumference decreased in women and remained unchanged in men. The decrease in diastolic blood pressure was not associated with changes in the use of antihypertensive drugs. The number of drugs used increased slightly in patients with a decline in blood pressure and in patients with unchanged or increased blood pressure (Number of Medicines; 0.11 6 0.48 compared with 0.14 6 0.54, P = 0.569, respectively). The decrease in total cholesterol was associated with changes in the use of lipid lowering drugs. In patients who improved their lipid profile, the number of lipid lowering drugs increased by 0.13 6 0.40 compared with 0.04 6 0.31 (Number of Medicines; P = 0.030) in patients showing no improvement.
In the analysis of predictive factors for any change in HbA1c, logistic regression showed that baseline HbA1c and weight loss were significant predictors, whereas the duration of T2DM, change in antidiabetic medication, age, and change in food intake were of no significant importance for changes in HbA1c (Table III) . A subgroup of the patients had sufficient data concerning HbA1c before and upon entry into the DSME (n = 114) as a result of being on a waiting list for 3-12 months. In these individuals, HbA1c was found to remain unchanged while they were on the waiting list, yet upon entry into the DSME a significant decrease was noted (Table IV) .
Group-based self-management education and Type 2 diabetes
The QOL data are presented in Table V . 'General health', 'well-being' and 'stress in everyday life' were found to be improved during the DSME, whereas no change was reported in 'restrictions in usual activities due to illness'.
At the commencement of Module 1, 19% of the patients were found to be smoking and the alcohol consumption reported as drinks per week was 8.7 6 8.8 in the men and 3.5 6 5.1 for the women. Smoking and alcohol consumption remained unchanged throughout the DSME.
The level of physical activity was increased especially in the group of inactive patients (Table VI) .
Between Modules 1 and 3, a total of 9% of the patients increased their intake of cooked vegetables (P = 0.024), 12% increased their intake of raw vegetables (P = 0.005) and 22% increased their intake of fish (P < 0.001). No changes were reported in the intake of fruit.
Likewise, between Modules 1 and 2, the patients diabetes related knowledge increased from 26 6 6 to 30 6 4 correct answers (P < 0.001) as assessed using the questionnaire, with no further increase between Modules 2 and 3 (30 6 5 correct answers).
Costs analysis
The costs of running the community-based DSME programme comprised salary and fees for the team, material costs, upkeep of buildings, etc. and were estimated to be DKK 3640 (V 489) per patient. However, during the same period, the number of visits to the GPs declined (Table VII) . This was equal to one visit less every 6 months, reflecting a potential saving per patient of DKK 226 (V 30) per year.
In order to be able to transform the effects of the present study into the potential savings associated with a DSME activity of 1-year duration, the incidence and hospital costs for complications related to diabetes according to UKPDS such as myocardial infarction, stroke, amputation, retinopathy and secondary kidney disease need to be known. Just such incidence data and costs are listed in Table VIII [13] .
Thus, following an intervention of 1-year duration, the risk of myocardial infarction was decreased by 15.6% and the risk of stroke was decreased by 4.8%. Based on the data from the UKPDS, the potential risk reduction in amputation, retinopathy and kidney disease was estimated to be 9.66% following a decrease in HbA1c of 0.46% (21% 3 0.46). Combining this relative risk reduction with the incidence-weighted hospital costs of these complications, the potential hospital cost savings of a 1-year-DSME intervention can be calculated to be DKK 423 (V 56) per patient.
Discussion
This study of the implementation of a communitybased DSME programme has shown anticipated changes in glycemic control, body weight and patients' knowledge of T2DM. In addition blood pressure, blood lipids, QOL, physical activity and dietary intake were found to be improved. Data are presented as mean 6 standard deviation or frequency (per cent).
S. Molsted et al.
Patient education is a widely accepted basic part of treatment in T2DM. The effect of group-based patient education has been proposed as evidence based in a meta-analysis with respect to glycemic control (HbA1c) [3] . However, patient education in Denmark and many other Countries varies widely and needs critical revision in terms of its structure and methodology.
A reduction of HbA1c, as shown in the present study, is clinically significant in the prevention of at least micro-vascular complications [12, 14, 15] . Not surprisingly, the degree of improvement of glycemic control was found to be associated with the baseline level of HbA1c, as well as weight loss during the intervention.
In previous studies of group-based patient education in T2DM, the effects on QOL have been inconsistent [3] with a trend favoring positive effects as shown in two relatively recent RCTs [4, 5] . This trend is supported by the significant impact on QOL noted in the present study. The intervention was based on an empowerment strategy and philosophy and focused on the inborn capacity of the participants to improve self-management. This included a focus on QOL and emotions related to a life with T2DM. Other main focuses were physical activity and food intake. During the intervention, physical activity increased and the quality of food intake generally improved. The present study therefore supports the use of an empowerment-based patient education intervention, as delivered by an interdisciplinary team, in the treatment and management of T2DM. Indeed, major studies of the long-term effects of patient education in T2DM are now warranted. One RCT, which showed similar results to those of the present study, found that the initial decline in HbA1c during DSME was retained after 5-year follow-up if the intervention Data are presented as mean 6 standard deviation. Differences between means were tested using a paired Student's t-test. Table IV . Change of HbA1c in patients who were on a waiting list for 3-12 months and completed the DSME (n = 114)
Variable
Waiting list 3-12 months DSME Module 1-3
Change of HbA1c (%) À0.05 6 0.84, P = 0.531 À0.31 6 0.88,
Data are presented as mean 6 standard deviation and significant differences between means was tested using a paired Student's ttest.
Group-based self-management education and Type 2 diabetes was followed up by four sessions of 60 min DSME per year [16, 17] . The majority of these patients were treated by their GPs. In Denmark, it is recommended that patients are controlled by GPs four times a year [18] . Thus, the effect of a structured follow-up intervention in connection with GPs, and after DSME needs to be further investigated.
A subgroup of patients who were referred to the DSME programme did not choose to participate. This group was somewhat different from the group that participated and completed the intervention. They were not only younger, they were also more often than not males and their mean HbA1c was higher. This might be important in terms of the Data are presented as frequency (per cent). Differences between means were tested using the paired Sign's test. 'Do not know/missing data' was not included in the statistical analyses and are not presented as percentages. Data are presented as frequency (per cent). Differences between means were tested using the paired Sign's test. 'Do not know/missing data' was not included in the statistical analyses and are not presented as percentages.
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design of future DSME interventions. In the present study, the DSME was offered as a daytime course as well as an evening course. This would enable patients to participate if they were still in full-time employment. However, to reach these subgroups of patients, other aspects should be considered. Individual contact has been suggested in patients with high HbA1c [19] , and this concept should be tested in a community-based setup as an alternative to the group-based DSME. Fewer visits to the GPs were observed after DSME in this study. In contrast, an increase in the number of visits to the GPs was observed in general in the Danish population from 2000 to 2005 [20] , which clearly indicates that the decrease in visits found in the present study is most likely to be a consequence of the DSME. This amounted to a potential annual saving due to fewer visits to GPs of DKK 226 (V 30), although this saving is an underestimate since it only covers the basic fee associated with a visit to the GP and does not include such fees as e.g. tests and laboratory analysis.
Based on data from the UKPDS study, the decrease in HbA1c found in this study would potentially imply a saving in hospital costs of DKK 423 (V 56) per year due to the reduced relative risk of complications [12] . However, these costs are also heavily underestimated for several reasons. First, the reduction in the risk of amputation, retinopathy and kidney disease was only based on the effects in HbA1c and not other parameters, such as obesity, hypertension, dyslipidemia and physical inactivity, although they are also well known independent predictors of morbidity. Second, the costs of treating these complications are limited solely to the first acute period of hospitalization and do not take into account subsequent follow-up treatment, rehabilitation, etc. Hence, all of these issues make the estimated cost savings to be rather conservative ones and to be able to draw any conclusions as to the cost effectiveness of the DSME over a longer period of time, one would need to incorporate the aforementioned issues into the analysis, together with the gain in the general health status and QOL of patients participating in the DSME.
In a previous study of a lifestyle programme for postmenopausal women with diabetes, other economic analyses were performed [21] . The effects of the published intervention by Ritzwoller et al. [21] , which were comparable with those from the present study, enabled the authors to present 'reasonable' costs associated with a change in primary outcome.
The present study was limited by the lack of a randomized design. The waiting list group did not show any change of the HbA1c and this result was supported by data from comparable studies [3] . In addition to this, deterioration rather than an improvement in glycemic control would be expected Table VII . GP visits before the DSME (Period 1), first half of the DSME (Period 2), second half of the DSME (Period 3), and after the DSME (Period 4) in a subgroup of patients (n = 263) Data are presented as mean 6 standard deviation. Group-based self-management education and Type 2 diabetes during a period of 12 months of unchanged medical treatment [22, 23] . The relative high rate of dropouts was within the range reported in previous studies [3-5, 24, 25] . It might be related to the comprehensive education curriculum. Future studies will investigate if the effects can be achieved after interventions with fewer contact hours, which would reduce the costs.
In conclusion, this study has shown that DSME can be implemented in a primary care setting and that it can improve glycemic control and other metabolic parameters as well as change lifestyle in patients with T2DM. This supports the notion of an empowerment vision as a basis for a structured group-based education programme delivered by an interdisciplinary team. The extra costs required for the DSME are minimal and such an intervention will most likely result in a change toward a cost saving situation, when considered in a broader costing perspective.
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